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— TO THE STATICS OF CIRCULAR RINGS FOR 
PRESSURE-CABINS 


Tals report is based on two articles: Pohl, 
“Berechnung der Ringversteifungen diinnwan- 


Hohlzylinder” (Der Stahlbau, 1931, No. 
iid by Wise, “ Analysis of Circular Rings for 


que Fuselages ” (J. Aeronaut. Scie., 1939, 
No. 11). Both these articles deal with circular 
i of constant Moment of Inertia only. 

The present article amplifies the above men- 
tioned literature by including rings with cross 
sections of variable M.I. and by considering the 
case of sinusoidal load distribution, as a result of 
suction on the fuselage. 

The eccentricity of the supporting skin about 
the C.G. line of the ring cross section has been 
neglected here too, as this is small in regard to 
the normal size of the fuselage. 


Circular Fuselage Subjected to Internal 
Pressure. 

If we consider the ring to be cut an infinite- 
simal distance at the top, then the three redun- 
dant forces will be X, (tangential), X. (moment), 
and X, (shear) which becomes zero because of 
symmetry. The bending moment due to the 
internal pressure has a positive value for outward 
bending, thus : 

dP =p-ds; ds=rda; 
d Moy=r sin (fJ—a)-p-rda; 
¢ 
Moy= +f sin (J—a)p-r-da 
0 
=+p-r—p-r?-cos%y  .. ..(I) 
Further, we have for X,=—1 (See Figs. 1 and 2). 
M,=+(r—r cos #).. .. ..(2) 
and for X.=—1, 
Mee +h nn cs te oe 

By using Castigliano’s principle of minimum 
strain energy the redundants can be determined, 
M=M)—X, . Ma—X. . Mc 

=p r’—p r? cos ¢—X,: (r—r cos #)—Xe3 


0M OM ’ 
aX, > (r—rcos); == 7x. =—); 


~~ (ar Sk 


ax, = EI 3x, %: 


_ By W. StrepA. (From Luftfahrtforschung, Vol. 18, No. 6, June 30th, 1941, pp. 214-222). 


2r 


aA ae 
wi 
OX. ry Px) ya ye Drie on 


=|2pxsiny— BE sin2y— > pry 


—2X,° rsing +> Xe. r-b+X,.— = sin2y 


~Ke- sing +e] ae” 


=—3r?p+3rX.+2X-3 .. 
OA M. dM 
oxo | at 5x, 4 
2r 
rue [SP Reed Sere tees 
—Xe)\rd yx 


=[pr?-y—pr’siny—Xy-r-y 
+Xq-rsiny—Xe- |" gall 
=+2rp—2rX,.—2X. .. .. .. ..(7) 
From equation (5) and (7) we get 
Xa=p-r; X.=O; 
M=pr?—pr? cos Y—pr (r—r cos 4)=O ! 

It is of particular interest to note that for 
circular fuselages the internal pressure does not 
result in bending moments in the rings but in 
forces only, N= =p-r=const., which remain essen- 
tially in the skin. 


Consider now Fig. 3 for variable moments of 
inertia of the ring. 


I, =nl, 
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—— 3 Fig. \ ’~ j/ 


By integrating equations (4) and (6) between 
the limits O and z, and n-fold between z and 27: 


a a 
ax -0=|- 2 pr w+ > Mara+Xe "| 


+n x ZPhat pert Kea] 
“> =0=[p r? m—Xa'I° m—Xc* a] 
Xe + n[pr2a—X,-r7—Xe- a]. 
We add the equations 


0=— ; par(n+1)+ 3 X.-rm(a tl) 


+X: 7(n+1)+pr22(n4+1) 
—Xq-ra(n+1)—X.-7(n+1); 


1 
0=(—F-7 )@1-%); 
Jae Xe=p-r; Xe=0. 


From this it can be seen that the result does 
not alter with variable moment of inertia, i.e., 
there are no bending moments. 


Circular Ring with Tangential Support 
Subjected to a Moment. 


Referring to Fig. 4, Ma is the bending moment 
and t the shearing force per unit length of circum- 
ference : 


meee 
_t=>—y —constant ww. .(8) 
The moment Mp due to Mg is then 

dMoy =t (r—tr cos (y—«)) rda (positive) 


¢ 
Moy=tr? J (1—cos (—«)) da. 
0 
=tr? (Y~—sin #) (In the first and second 


quadrant) . (9) 
In the 3rd and 4th quadrant (27—i) is sub- 
stituted for 4, and the sign becomes negative. 


Moy=—t r° (27—y—sin (27—y)) 


= tr?(¢—sin J—2 7) . (10) 


According to Fig. 5, M,, My, Mc. and the 


. OM OA 
respective =>- and aK can be calculated. 








Xea=-— I Xp =~] Xe=—] 
: , 
1+—)—? ? 1 
Pr % ) +r 
O | Oo 
+2r Fig. 5 


M,= +(r—rcos #); Mp=+r-siny; M.= +1. 


OM on 3 . 
7X, 108 ¥) ay = rsin $3 55-=—l; 
OA M 0M 
5K 7° | ET 3x, — 
ar 
=— jer ~—tr? sing —Xq-r+Xa-rcosi 
0 
—Xp rsin 4—X_) (r—rcos #) rd yb 
2r 


“a (—tr?2z) (r—reos #)rdyz 


=[S("-9 sin +> sin? t) 
—Xa-r- s+ Xa-r (2sin y— 5 sin2¥) 
+Xp- (cos y+ 5sin 2 +) —X.(b +sing) | 


+ [tx 2(singy—y) |?" — a 

dA 
nein SRS. .. . ae 
FX, = 3 Ka 1-2 Ke} (12) 
on 
ae (tr? —tr? sin ~—X,-r 


+X,-rcos /—Xprsin s—X_)rsinyrdy 
27 
— j (—tr?27)rsingrdy 


a [tr (sin y—ycos  +tsin2y— +) 
+Xa- (cos y + 5sin® v) 


A in? p— 4) 


+Xp-r Z 


+Xe- cos p ]°” + [ tx? 2-meos p |7" (13) 
=-+torre-—Xpawr .. .e oe oe . (14) 








aA _( 
Ke 


and in 


comp 
tensic 











sell R= ttr=+55; 
27 
dA _9—— [Qt y—tr? sin p—Xq-r 
1 BOX. 0 
+X,-rcos /—Xp-rsin Y—X,)rd yz 
Qn 
ae — | (—tr? 2x) rdy 


vis 
2 
=[w +tr2cos~—X,- ry 


+X,-rsin y+ Xp-rcos s—X_. #0" 


8) + [tarp 7... 5) 


=—2Xq-r—2X_- .. .. «2 oe «.(16) 


From equation (12) and (16) it follows that 
X,=0, and X,=O, therefore in the first and 


second quadrant : 


and in the third and fourth quadrants : 


24) M= AS (y—2sin $-2e) .. ..® 


Dy be (see Fig. 6). 
ll N=No—Nb:- Xb 5 
(ll) dNo=t- rcos (ys—«) - da (compression) 


.(12) pb 
No=— J trcos(~—a)da 


0 


dy 


N=—trsin’—trsiny=—2trsing 


tension. 
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M=SS(y—2sing) 2 .. 2.07) 


The normal and shear forces due to Mg will 


m——SFew 4. ke ee ee, ol 
With Np= +1 sin yf, the total force N becomes 


=~ 35. (iny) vt tae! saat ce 


Thus, we have in the first and second quadrant 
) compression, and in the third and fourth quadrant 









Similarly, the shear force Q: 
Q =Q—Xo- Nb; 
dQ )=trsin(¢—a)da; 


o 
Q= { trsin (W—a)da=tr—treosy ..(21) 
0 


and with Qh=1 cos ¥, 
Q=tr—trcos Y—t rcos J=tr(1—2 cos #) 
Md 
=Fay’ (1-2 cos ps) ee oe . -(22) 
The substitution of different values for ¥ in 
equations (17), (18), (20), and (22) yields diagrams 
for M, N and Q as shown in Table 1. 


Circular Ring with Tangential Support 
Subjected to a Radial Force P. 
Let the shear per unit of length, which is not 


constant in this case, be defined by dF=ds. 6 
(See Fig. 7). 


7 2 F 
t=—:—|dF.y== |S8-yds .. ..(23 
the polar moment of Inertia being J=7 p*5; then 
P 


t=—=>° 
aro 


Again t.r.d.« at angle % produces dMoy, which 
by integration between the limits O and 7, gives 


d Moy=—trda(r—r cos (—«)) 


P . 2 . 
=——sina-r (1—cos (f—a)) da; 


j 3.r-cosarda=——sina -.(24) 
a7Tr 


¢ 
Moy=— =| (sin «—sin « cos (s—a)) d a 
0 
--— (100s + }-sing ) - (25) 


The evaluation of the bending moment (M), 
normal (N) and shear forces (Q) analogue to the 
previous case, gives : 


M=— 7 (2—c0s b—2ysiny).. ..(26) 
N= = (y sin J—Fe0s W).. «(27 
Q=— sin yb + cos +) a~ 


Equations (26), (27), and (28) are shown graphi- 
cally in Table 2. 
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) cost | . -(35) 
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’ I = 1 + fed = BS 
Bending MomentM:= 9-P-r, Q Wn | 3 sing (v 


NIA 






3 zezn25 QV water (v- 2) cost |. - (36) 
: esis: 
3 $3$3$§ 






026 35% 
-0,05608 
004008 


Qui/iv =F 1+3 + =siny + G -#) cost (37) 
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7323 NYY tseeeg IN Circular Ring with Tangential Support 

33535 $3833 § | Subjected to a Sinusoidal Load Distri- 
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The loading is (between Z << 
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Normal Force WN 
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| bution. 
| 
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oe 
the limits z to =z) 


(See Fig. 9) 
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Shearing Force 


The ie per unit length according to equation 
(24) is then, 


t= PES . sin a —— 


The final result for the four quadrants (first 
‘ and second symmetrical to third and fourth) : 
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Consider the case shown in Table 1 and let 
the variable moment of inertia be defined by 
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(11), (13) and (15), we integrate between the 


Fig. 10, where I,/I,=1/n. 
The total bending moment 


Influence of V: 
limits O to 

















96L00- 











_— —#900- 


- 





whe 


SK 


$4L00-~ *9500- 
99n00- 12000- 
-™ 5*10b- $6000 
g osz0b- 
Lt900¢ 
00600 — — 
ozone 
L6e0b¢ 
wo Lonoo+ 
L6100- ost o0- 
bito seeio- 
fa Loetzo- ovez0- 
2 wb tto- sceso. 
> 4640b- os cob- 
fa) Qa Lonoos 
> Le00b¢ 
™ 4 ozolbe 
Fa £ ’e0s00+ — — 
fy =. 4 420004 
nw = os2obe 
ty os, 8t00- SbS000- 
ro) = oonob £4000- 
~ 4 $4200 aasob- 
Q e 96L0b ——  —— —"onb- 
« 4 
~” “s \ a 
a tafe Wa sis 
RB ALY 
ky 
om ~ 
1%) ~ 
2 -) 
isa) 16m 
<a) & 
ne — 
2 ~ 
> 
_ 
-) 
ay 
ay 
> = 
wv 
8 nm wo 
o a 


The moments are shown in Table 5. 
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Finally, consider the case shown in Table 2, 
and let the variable moment of Inertia be defined 


by Fig. 11, where again I,/I,=1/n. 
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FURTHER DEVELOPMENT IN FIGHTER DESIGN 
By Dr. ING. AURELIO C. Ropotti. (From Rivista Aeronautica, Roma, Sept., 1940.) 


THE impetus for a new design of fighter air- 
craft can be derived and justified by the needs of 
to-day’s air warfare. In meeting these needs the 
designer is facing many new problems. 

The advantages and disadvantages of mono- 
planes as compared with biplanes are now well 
known. Monoplanes are aerodynamically su- 
perior, while biplanes offer greater structural 
strength combined with lower empty weight and 
greater manceuvrability. As the chief task of 
the fighter aircraft is to destroy the enemy bomber 
its speed is dictated by the bomber in both types 
of fighters, i.e., pursuit planes and interceptors. 
This requirement of superior speed necessitates 
the adoption of the monoplane design. 

Future bombers will undoubtedly be fitted 
with more powerful engines and will be aero- 
dynamically still more refined. It is strategically 
justifiable to reduce the safety factor, and thus to 
build the bomber lighter and faster. 

On the other hand it is by no means an easy 
matter to reduce the weight of a fighter, or achieve 
improvements by reducing the drag. An in- 
crease in speed obtained by increasing the power 
of a single-engined fighter cannot be achieved 
without dangerously lowering its stability and 
lateral manceuvrability. Neither does higher 
engine speed together with reduced air-screw 
diameter give a satisfactory solution, as the speed 
of sound is at present assumed to be the limit for 
the air-screw tip speed. 

These considerations appear to indicate that 
the modern fighter must be two-engined, and the 
engine power must be utilized so as to free the 
aircraft from undesirable yawing and rolling 

















which would be experienced with a single 
engined fighter of the same power. 

Although two-engined fighters are being manu- 
factured by many countries, the question of 
engine location is far from being settled. 

There are four immediate possibilities, several 
of which are already adopted in practice. 

Fig. 1. Both engines located in the fuselage, 
and the power is transmitted to two counter- 
rotating air-screws arranged symmetrically about 
the rolling axis. Such a design is free from great 
lateral inertia which would result if the engines 
would be mounted in the wing. 

Fig. 2. Two engines fitted so that the 
“contra props ” are at the nose and stern respec- 
tively of the “centre-section” to which the 
fuselage shrinks, while booms are necessary to 
carry the elevator and rudders. 

Figs. 3 and 4. These solutions are princi- 
pally the same ; two co-axial oppositely rotating 
air-screws are used, fitted as tractor or pusher 
unit respectively. 

To a successful realization of these designs a 
great deal of development work on engines, 
aircraft and propellors has to be carried out. 

Actually the problem of this research is that 
of “‘ high speed flying” and controlability, and 
in the design all features affecting aerodynamical 
efficiency must be retained, such as retractable 
undercarriage, high-finish surfaces, flush riveting, 
and utilization of exhaust and duct propulsion. 

See THE ENGINEERS’ DIGEST, pp. 105, Vol. I. on 


this subject, containing a section on ‘“‘ Co-axial Air- 
screws.” 
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TURBO AUXILIARY SETS 
By J. BaascH. (From Brown Boveri Mitteilungen, August, 1940, pp. 264-266). 


Tae auxiliary machinery for steam plants of improve efficiency the various auxiliary pumps, 
small and medium output reduces considerably circulating, forced lubrication, etc., have been 
the overall efficiency of the power plant. To mounted in one unit. Figs. 1, 2 and 3 show a 
set of this type which 
aS D a ae into 
i ee eee) (a teks small torpedo boats, 
* as ral 2 details of the arrange- 

aa ; ment being shown. 
The two stage tur- 
bine uses dry steam at 
16 kg/cm? abs., and ex- 
hausts at 1.2 kg/cm? 
abs. An overspeed gov- 
ernor, a hydraulic speed 
governor, and the drive 
for the tachometer are 
mounted on the tur- 
bine shaft. The pinion 
of the turbine drives the 
large toothed wheel of 






































A= Turbine, 40 H.P., 
8,000 r.p.m. 


B = Cooling water pump, 
12 H.P., 1,400 r.p.m. 


C = Gear pump, 6 H-P., 
1,800 r.p.m. 


D = Sea water pumps, 2 
H.P., 5,400 r.p.m. 


E=D.C. Dynamo, 14 
kW, 2,600 r.p.m. 


F = Speed indicator 
G = Drive 

H = Safety valve 

J = Flow indicator 



































Fig. 1 
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BROWN BOVERE 
Fig. 2 


the gearing situated on the same shaft as the 
cooling water pump B. The toothed wheel 
drives two pinions, one for the gear pump used 
for lubrication (C), and the other for the D.C. 
dynamo (E). The pinion of the gear pump (C) 
drives another toothed gear on the shaft of which 





GG 


Fig. 3 


a small sea-water pump is mounted. All bear- 
ings have pressure oil lubrication. 

Fig. 4 shows details of the governor which 
is operated by the discharge pressure of a small 
servo motor on the turbine rotor, and also by an 
overspeed cut-out device. 








A = Main valve; B = Automatic valve; C = Pressure Governor ; 
D = Flow Governor; E = Safety Governor ; F = Cut-out device. 
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APPLICATION OF POWER REQUIREMENTS TO MAIN ROLL DRIVES 
By L. A. UMANSKY. (From Iron and Steel Engineer, Vol. 18, No. 5, June, 1941, pp. 25-32). 


It is too early as yet to discuss the relative 
reliability of a 250 volt rectifier and a motor- 


Tue European steel mills have been using recti- 
fers both for d.c. auxiliary power and for main 
roll drives for 15 years or more, and their use is 
spreading. On the other hand the American 
steel industry is not yet using mercury arc recti- 
fiers to any larger extent. It is, therefore, perti- 
nent for us to analyse the reasons for this difference 
in practice. ‘The main reasons, as the writer sees 
them, why the American steel industry has not 
employed rectifiers to a great extent, are as follows : 

(a) The constant potential applications in 
steel mills are ordinarily 250 volts, while in the 
dlectro-chemical industry the trend is towards 
higher voltages and all major applications have 
been made at 600 volts. On the other hand, in 
many European steel mills, the d.c. power, even 
when employed for auxiliaries, is used at 500 
volts. Since it is well known that the cost of a 
rectifier per kW. goes down as the d.c. voltage 
goes up, this fact alone explains a lot. 

(b) American steel mills are always laying 
greater stress, and rightly so, on operating relia- 
bility than on efficiency of electric equipment. 
When a mill is operating at full rate, even an hour 
shut-down once in a month might be more 
expensive than the losses due to a few per cent 
lower efficiency of an a.c. to d.c. converting 
equipment. Not that a rectifier is necessarily 
less reliable, taken by itself, than a motor- 
generator set ; but the steel mill personnel knows 
how to fix the latter when needed, while the 
rectifier is something with which they do not feel 
themselves familiar as yet. This is a matter of 
“psychological reliability ” or lack of it—a potent 
argument until someone will break the ice. 

_ While the application of rectifiers for fur- 
nishing 250 volt general power supply does not 
enter directly within the scope of this paper, a 
few remarks will be pertinent to the following 
discussion. Furthermore, some of the main 
drives might operate from this source. 

_ The first cost of a 250 volt rectifier is still 
higher than that of a corresponding motor- 
generator set, including in both cases the neces- 
sary switchgear. The efficiency of the rectifier 
is higher, particularly at light loads. The saving 
i power may in many cases justify the extra first 
cost. The cost of installation may be lower in 
case of the rectifier, particularly if the trans- 
former is located out-doors, which is, however, 
hot always possible, 





generator set. The rectifier units installed are 
operating very creditably ; so do many hundreds 
of motor-generator sets. 

The power factor of the rectifier is slightly 
lagging, as against the leading power factor of a 
motor-generator set. This is not always a handi- 
cap, since in most of our plants the synchronous 
capacity on the system is ample. However, if a 
new plant is built with rectifiers used throughout 
instead of synchronous motor-generator sets, this 
fact might constitute a problem. 


Rectifiers for Constant Potential Main Roll 
Drives. 

In this case, the power supply is maintained 
at a constant potential and each drive is equipped 
with an individual starter (magnetic control). 
There are a number of such mills in existence. 
The drives are usually of small or medium 
capacity. Sometimes the same motor-generator 
set or sets are used to supply power to several 
mills ; the diversity factor helps to reduce the 
capacity of the converting equipment. 

Rectifiers will fit such applications quite well. 
The cost, in the case of 600 volts, would. be prac- 
tically competitive with that of a motor-generator 
set. For the sake of voltage maintenance at the 
motors some form of grid control would be 
essential. 





Fig. 1 
Shop view of a 1500 kW., 250 volt, 12 anode rectifier 
built for general d.-c. power supply in a steel mill. 
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Rectifiers for Non-Reversing Drives Re- 
quiring Ward-Leonard Control. 


The second group covers such large non- 
reversing drives, like hot strip mills, where 
magnetic control for each motor is not desirable, 
on account of its size, and where Ward-Leonard 
starting and stopping, and sometimes adjustable 
voltage is wanted. Drives with individual motors 
up to 5,000 H.P. are common. 


In the first place; the grid voltage control of 
a rectifier is obtained at the expense of distortion 
of the wave form of a.c. supply and at the ex- 
pense of the power factor ; the latter goes down in 
practically the same proportion as the voltage. 
Not many power systems would care to have an 
equivalent of a 20,000 kVA. load started at zero 
power factor. The contingent wave form dis- 
turbance is apt to interfere quite seriously with 
telephone communications. To minimise these 
conditions, on some European installations each 
of the several d.c. finishing mill motors of a hot 
strip mill is provided with a separate rectifier ; 
thus the several motors can be started, one at a 
time. On the other hand, this means that a 
larger kW. capacity of the converting equipment 
is required. 

When conditions are just right, rectifiers may 
be well considered even for very large mills. For 
instance, a strip mill, built some 13 years ago, is 
to be widened and speeded up, requiring more 
power in driving motors. It has been estimated 
that the finishing stands, now supplied from 

6600v — 3-ph— 60cy 









OCB. 
Main rectifier 
transformer 





THE ENGINEERS’ 


DIGEST 





Estimated kw loss 





2 3 4 


S000 
Kw load 


Fig. 2. Comparison of losses in 7,000 kW., 600 
volt, motor generator set and rectifier, with excitation 
of synchronous motor changed with load. 


three 3,000 kW. motor-generator sets, will require 
an additional 7,000 kW. capacity. Th’s couid be 
supplied by a motor-generator set or by a rectilier. 
A comparative study was made. 

First of all, the conversion efficiencies were 
compared. Instead of dealing with efficiencies 
at various loads, and then debate as to what 
represents “‘an average load,” the kW. losses of 
conversion were plotted directly against the kW. 
load of the conversion unit (see Fig. 2). The 
losses of the motor-generator set were estimated 
on the most favourable basis for it; with the 
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adjusted as a function of 
-250v.exc.tus load. In spite of this 
reduction of running 
light losses of the set, 
the rectifier losses are 
about 260 kW. lower at 
no-load, and are about 
350 kW. lower at full 
load of 7,000kW. With 
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Fig. 3. Simplified dia- 
gram of power and control 
circuits for hot strip mill, 
with two 3,500 kW. recti- 
fiers in parallel with six 


| | 
ones 


insulat. 
transformer 


To rectifier pump. 








enode heaters atc - 


1,500 kW. generators, 























| gener: 
The s 
schen 
only 
gener 
possit 
a 12-4 
Tl 
severe 
than 

Tap « 
as it j 
T. 
tanks 
excite 
The | 
phase 
a sme 
readil 
By 
selsy1 
dic. 1 


15%, 
A 


brous 
the 
const 
genel 
series 
these 
close 
comy 
curre 
eXcit 
this ; 
divid 
or it 
























| DS RE ah at A ey ae i Ma aT 


Fs 


j 


ae a a, 


a! 











eee! 
Per SG il a 


600 
“itation 


quire 
iid be 
‘tifier. 


were 
encies 
what 
es of 
kW. 
The 
nated 
1 the 
ir ex- 
ically 
ion of 
this 
ining 
set, 
; are 
er at 
bout 
: full 
With 


dia- 
ntrol 
mill, 
ecti- 
) six 





this difference of losses remaining almost 
© constant at all loads in this case, it can be safely 
stated that this difference is about 300 kW. on 
the average. If the mill is to operate say, 7,000 
hr. per year, the use of a rectifier can save over 
2,000,000 kWh. each year. For several reasons 
two 3,500 kW., 600 volt rectifiers, each with its 
own transformer, were chosen in preference to 
one 7,000 kW. unit. 

The presence of original motor-generator sets 
Fcliminated the need of using either the grid 
control, or magnetic starters for starting the 
several finishing mill motors. After the bus 
voltage is brought to the pre-selected value, the 
rectifier breakers automatically close and from 
then on the rectifiers and the generators are to 
divide the load. Likewise, for stopping the mill, 
the rectifier breakers are tripped and the motor- 
‘generator sets are used for regenerative braking. 
' The switching and control arrangement is shown 
schematically in Fig. 3. For simplicity’s sake, 
only one 3,500 kW. rectifier and only two d.c. 
generators are shown. To eliminate as far as 
possible any telephone interference it is built as 
a 12-phase unit. 

The primary windings are equipped with 
several taps. In this manner d.c. voltages lower 
than 600 volts can be obtained when needed. 
Tap changing under load has not been provided 
as it is not essential for this application. 

The rectifier is composed of 12 single anode 
tanks of ignition type. The firing tubes are 
excited from two small exciting transformers. 
The grids of the firing tubes are energised by a 
phase shifting transformer, which is nothing but 
asmall selsyn machine, the rotor of which can be 
readily rotated to give the needed phase angle. 
By controlling the potential of the neutral of this 
selsyn, the grid control is obtained and the mean 
dc. rectifier voltage can be adjusted within 10- 
15%, or more. 

After the finishing mill motors have been 
brought to speed by generator voltage control, 
the voltage at the 600 volt bus is maintained 
constant by a voltage regulator. The several 
generators are, as usual, provided with differential 
series fields, insuring even load division between 
these machines. After the rectifier breakers 
close, the current output of each rectifier is then 
compared with that of a generator. These two 
currents are used to excite a load balancing 
exciter which controls the grid potential. In 
this manner the rectifiers and the generators will 
divide the total load in proportion to their rating, 
of in any other desired proportion. Since the 
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grid control is free from any inertia, and, there- 
fore, time lag, and the load balancing exciters 
are of the amplidyne type, i.e., of extremely high 
rate of response, the whole load balancing control 
is inherently fast acting and should be very 
effective. 

It is of interest to note how well the rectifier 
equipment will fit physically into a conventional 
hot strip mill motor room. The two 3,500 kW. 
rectifiers occupy a somewhat longer but narrower 
space than a 7,000 kW. motor-generator set would 
take. The transformers take approximately the 
space of the motor-generator foundation. The 
cost of the latter is saved. Ventilating require- 
ments of the whole motor room are reduced. 
The total installation costs are apt to be some- 
what lower. 


Rectifiers for Start-Stop and Reversing 
Drives. 

The third group of main roll drives covers 
the mills where Ward-Leonard starting and 
stopping, as well as reversing, are frequently and 
repeatedly used. Cold strip mills, of reversing 
and tandem type, fall in this class. Reversing 
hot mills, like blooming, plate, rail and structural, 
etc., represent the extreme end of this line. 
Rectifiers can be used even in such cases, tech- 
nically speaking, but many difficulties need to be 
overcome. 

A rectifier is essentially a one-way valve for 
the flow of current. Hence, if we merely cut 
down the rectifier voltage, say by grid control, 
the mill motor, even though generating a higher 
emf. voltage than that of the rectifier will not be 
capable of pumping-back power and the re- 
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Fig. 4. Sequence chart showing effect of grid control 


on d,c, voltage supplied by a rectifier, 
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generative braking will 
not be available, unless 
something else is re- 
sorted to. 

We should realize, 
however, that a power 
flow can be reversed by 
maintaining the same 
direction of current, but 
by reversing the pol- 3 
arity of voltage. We are 
not used to this method 
and it takes some mental 
effort to comprehend it, 
but this is exactly what 
is done with a rectifier 
drive. Figure 5-A shows 
a conventional rectifier 
feeding a mill motor M. 
For the sake of clarity a 
six-phase multi-anode 
tank is indicated, but, 
of course, any other 
number of phases, or a 
single anode, multiple 
tank, ignitor type recti- 
fier can be just as well 
used. Grid control is 
shown as provided by a 
phase-shifting control 
transformer. As noted 
previously, the latter 
may be built as a selsyn 
machine. By turning 
the rotor of this selsyn through a 180 degree 
angle, as shown on Fig. 5-A, one can control the 
mean d.c. voltage of the rectifier in stepless 
fashion, as is graphically shown on the sequence 
chart, Fig. 4. 

The mill motor is separately excited from 
any available source and, for simplicity’s sake, 
no field rheostats are shown, although quite 
obviously they can be employed. By shifting 
the control transformer within the 0-90 degree 
angle the rectifier voltage is adjusted between 
its maximum and zero. 

Now assume that we want to stop the motor 
by regenerative braking. Suppose we move the 
selsyn rapidly from 0 to 90 degrees, this will 
reduce the rectifier voltage, but will not produce 
any pump-back current. No current will flow 
at all, since the rectifier voltage is less than the 
motor emf. The result is as if the armature 
circuit were actually opened. 

Now since the armature circuit is, in effect, 
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Fig. 5. Elementary diagrams showing connections for starting 
and reversing a d.c. motor supplied with power from a rectifier. 


open we can safely reverse the motor field (see 
Fig. 5-B). Since the motor still runs in the 
same direction, this will reverse its emf. ; instead 
of having on the brush X a potential of, say, 
+600 volts to ground, we will get on the same 
brush a potential of, say, —580 volts to ground. 

At the same time the selsyn has been moved 
to a practically 180 degree position. This has 
the effect of reversing the rectifier anode polarity. 
Say, the mean anode d.c. potential is —560 volts 
to ground. Thus a current will flow through 
the rectifier in the same direction as previously 
(see arrow in figure), since the current flows from 
a “less negative ” point (—560 volt) to a “ more 
negative ” point (—580 volt). Since the motor 
armature voltage has been reversed, it is obvious 
that in spite of the undirectional current the 
power flow has been reversed. The rectifier 
converts this power and sends it back into the 
a.c. system. 

As the motor slows down its emf, is reduced 
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nd the current will drop down, unless we gra- 
dually move the phase-shifting selsyn back from 
180 degrees to 90 degrees. In this manner the 
motor can be effectively stopped as if by a Ward- 
Leonard control. By moving then gradually the 
sesyn from 90 degrees back to 0, the motor will 
be reversed and brought up to speed in the oppo- 
site direction. 

Instead of reversing the motor field we can 
reverse its armature circuit as shown in Figs. 
5AA and 5-BB. The reversing contactors 
reverse the circuit while the selsyn is moved to 
the 180 degree position, i.e., when there is no 
fow of armature current. 

Although this method has been employed in 
several European steel mills, the author does not 
recommend it for such drives as cold strip mills 
or anywhere where starting, regenerative braking 
and stopping are frequent. 

In order to eliminate the reversal of either the 
motor armature circuit or its field, the European 
practice has evolved another more elaborate 
arrangement. It involves the use of two rectifier 
tanks and of a transformer with a double secondary 
winding, one per rectifier. The arrangement is 
known as the “cross connection.” 

Each of the rectifiers has its own phase- 
shifting control transformer. The latter are set 
with phases 180 degrees apart, and are operated 
through a common shaft. Thus when the tank 
A acts as a rectifier, the tank B is set up to be 
ready to act as an inverter, and vice versa. 

For one direction of rotation of the motor, 
say Clockwise, the tank A supplies power to it in 
a regular manner, with the selsyn set between 
0 and 90 degrees. The motor current I, flows 
as indicated. The grid control is such that at 
the same time the d.c. voltage of the inverter 
tank B is higher than the motor emf., and, of 
course, higher than the d.c. voltage of tank A. 
Hence, during this period the tank B is not active 
at all. 

Now let us move the selsyn shaft rapidly from 
0to 90 degrees. As we have observed previously 
this will reduce the voltage of rectifier A below 
the motor emf. and this will, in effect, cut the 
current I, off. While the selsyn SA moved from 
0 to 90 degrees, the selsyn SB moves from 180 
degrees to 90 degrees ; this sets the tank B for the 
inverter operation. As soon as the d.c. voltage 
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Fig. 6. Cross-connection diagram for d.c. motor for 
frequent reversing. Armature connections are not 
interrupted, nor is the motor field reversed. 


of tank B is less than that of the motor emf., 
the pump-back begins, as indicated by arrows I,. 
The motor is brought to rest with both selsyns 
set at 90 degrees. By moving the selsyn SA from 
90 to 180 degrees we now cause the tank B to 
act as a rectifier, supplying power to the motor 
running now in the clockwise direction ; the tank 
A is now standing by, ready to act as an inverter 
when we slow down the motor preparatory to 
reversing it again. Peak loads may force the use 
of two full capacity tanks. 

The effect on the price is obvious. If it is 
still difficult in many cases for a conventional 
rectifier equipment to compete on price with a 
motor-generator set, the use of the cross-con- 
nected arrangement is apt to make the competi- 
tive situation far less attractive for the rectifier. 

Summing up, the rectifier is a new, somewhat 
more efficient tool for converting a.c. supply into 
d.c. power. For many applications it fits quite 
well and has definite merits. Hence, it is reason- 
able to expect its gradual spread in certain fields 
of main roll drives. This field has now certain 
limitations. Experience and development will 
gradually widen these limits. 
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PROGRESS IN THE DESIGN 


OF SHORT-CIRCIUT 


LIMITING REACTORS 


By Lorenz SOELCH and GEORG HENSELMEYER, Dynamo-Works of Siemens-Schuckert-Werke, 


DIFFICULTIES have been encountered in insulat- 
ing the metallic rods used for assembling the 
windings of short-circuit, limiting reactors with 
disc-shaped coils. The maximum test voltage 
for which insulation could be provided, for such 
rods placed in slots between the coils, was found 
to be 45 kV. In order to avoid this difficulty, 
discussed already in 1928 in an article published 
in the Siemens-Zeitschrift constructions were tried 
to replace as far as possible the metallic rods by 
insulating materials. Most of these designs were 
not entirely successful. Therefore the Siemens- 
Schuckert-Werke have recently developed a new 
type of reactor to overcome the past difficulties. 

The winding of these reactors is of the same 
type as that of the previous designs, but a new 
type of assemblage is employed. The winding 
consists of discs wound from copper band (Fig. 
1), insulated with asbestos, or mica, according 
to the voltage of the circuit. The end turns 
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Fig. 1. Cross-section of coils. 


have a higher insulation. By the use of bakelite 
and varnishes, and by repeated baking, the wind- 
ing becomes very solid. The distance between 
the discs is fixed by pieces of porcelain and by 
insulators of simple shape (Fig. 2), which exactly 
fit on to the plane surfaces of the discs. The 
frame of the reactors consists of two star-shaped 
end plates and one or more rods holding these 
plates together, and the winding is clamped 
solidly between the porcelain parts. The 
pressure exerted by the rods is so high that even 
with a three-phase short-circuit the screws do 
not slacken. By avoiding any organic or hygro- 
scopic material any change of dimensions of the 
assembled discs is excluded. All metal parts are 
earthed. 


Losses and Heating. 
Winding losses are low because of the appro- 
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Fig. 2. Three-phase short-circuit limiting reactor 
6 kV, 350 A, 5% reactance and 61 kVA maximum 
input per phase. 


priate dimensions of the winding material. In 
small reactors they may amount to 0.5%, in 
large reactors to 0.1% of the steady load carried 
by the circuit which is protected by the reactor. 
The admissible temperature rise with the in- 
sulating materials used is 80° C. according to the 
RET (Rules for Transformers of the Verband 
Deutscher Elektrotechniker). The temperature 
time constant is about one hour. Therefore re- 
actors, which have to carry rated load constantly, 
cannot be overloaded for considerable time. In 
cases of frequent overload, reactors with higher 
rated load and according higher reactance have 
to be employed. The temperature rise after 4 
short-circuit of 6 sec. is limited by the RET t0 
180° C., according to a method of calculation 
which is prescribed in the R E T. 
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The clamping rods are made from non- 
magnetic material ; their temperature rise is low 
and their expansion is approximately equal to 

| that of the whole winding. Differences are taken 
up by the elasticity of the frame. 


Short-Circuit Strength. 

The forces exerted on the winding by a short- 
circuit act in the direction of an increase of the 
“inductance. The forces in the direction of the 
axis compress the winding and the radial forces 
tend to enlarge the diameter of the coils. The 
design of the reactors is such that they easily 
withstand to these stresses. The middle coil 
of a three-coil reactor is connected in such a way 
that the current flows in opposite direction com- 

with the outer coils and as a consequence 
two neighbouring coils attract each other in the 
case of a short-circuit. The two outer coils 
repulse each other, but the force of repulsion is 
only a quarter in consequence of the double 
distance. 

_ Fig. 2 shows a 6 kV reactor for 350 A and 
5% reactance. For the test of this reactor an 
excessive voltage has been used so that the short- 
circuit current had a crest-value of 22.8 kA, 
whereas the rated voltage of 6 kV cannot produce 

more than 17.5 
kA. The design 
of this reactor had 
been made to re- 
sist 20 kA. 


Impulse 
Strength. 


The RET pro- 
vide an impulse 
test of the reac- 
tors. As the discs 
have a great cap- 
acity, the distri- 
bution of the im- 
pulse wave over 
the winding is 
very favourable. 
It is not necessary 
to protect the 
reactors by any 
paralleling re- 
sistors. 


Other 
Advantages. 


There is no 

other creepage 

3, Three-phase short-circuit limit- path than aver the 

reactor 37 KV, 150 A, 5% reactance Porcelain - insula- 
160 KVA max. input per phase. tors. 
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Fig. 4 
Single-phase 
short-circuit 


limiting 
reactor for 
bus-bar 
connection, 
30 kV, 465 A, 
8% and 
650 kVA 
max. input 
per phase. 
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The distances between the phases and between 
the winding and of the frame are so large, that a 
much higher test voltage than that prescribed by 
the RET may be applied. 

If in small reactors the distance between the 
winding and the rods, when arranged in the 
inner of the coils, should become too short, the 
rods are placed outside the discs (Fig. 3). With 
this design and an appropriate insulation of the 
rods, reactors for the highest voltages can be 
produced. Generally, the coils of the three 
phases are arranged one above the other, with a 
common axis, as reactors of this design occupy 
the smallest base. But if the headroom is in- 
sufficient for this arrangement single-phase re- 
actors may be used (Figs. 4 and 5). 

Iron parts should not be placed in the 
neighbourhood of the reactors, in order to avoid 
heating. The distance of iron elements of the 
building should be at least half the outer dia- 
meter of the coils from the reactor. 

The reactors are not heavy. A small special 
car may be provided for the transport (Fig. 2). 


Fig. 5. Three single phase short-circuit limiting re- 
actors, 6 kV, 200 A, 4% and 28 kVA max. input per 
phase. 
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SOME METHODS OF PREVENTING THE PENETRATION 
OF MOISTURE INTO TRANSFORMER WINDINGS 


By E. STENKvist. (From Asea Journal, Vol. 17, No. 1, January, 1940, pp. 12-13). 


IT is not always possible to keep an oil-immersed 
transformer filled with oil during transport. 
Such a transformer has to be carefully dried on 
the site, in order to ensure that it is in the same 
perfect working order as it was after drying when 
it left the manufacturer. 

To avoid the inconvenient procedure of 
drying, a widely adopted method was to fill the 
transformer with dried air before dispatching it 
and keeping it under pressure during transport. 
This prevents the surrounding air from pene- 
trating into the transformer and constitutes an 
excellent indication on arrival that no moisture 
has found its way into the windings. 

But considerable difficulties may arise in 
practice with this method. The amount of 
pressure above the atmospheric must be maintained 
with a very high margin of safety in regard to the 
pressure variations which may be caused by changes 
in the ambient temperature and atmospheric pres- 
sure during transport. Furthermore, even if the 
seals are in perfect order when leaving factory, the 


































Fig. 2. Air-dryer No. 4 of 
the Silica type. 


stresses produced during 
transport are liable to 
cause considerable trouble, 

On account of these 
difficulties a simplification 
of the procedure has been 
introduced. The trans- 
former filled with dry air 
was allowed to communi- 
cate with the atmosphere 
through an air dryer. With 
the introduction of the 
high efficiency air dryers 
of the Silica type* this 
method could be successfully adopted. In con- 
sequence the problem had to be reconsidered and 
a full scale test was made on a 15,000 KVA trans- 
former, 100/6.6 kV, the volume of oil being 3,370 
gallons (15,350 1). 


The transformer was completely dried in 
vacuum, filled with oil and connected to a Silica 
dryer type 5t). Then the oil was drained, while 
the air replacing the oil was passed through the 
dryer and the transformer was left in open air 
exposed to adverse weather conditions from 
January, 1938, until January, 1939. At the 
beginning of the test the values of the insulation 





(*) From a publication of the Silica Gel Ltd., London. 
Silica gel is a glassy material with the appearance of 
clear quartz sand. Chemically it is similar to quartz 
(Si0,) but has a different structure. It is highly 
porous and the dimensions of the pores are so small 
that they cannot be observed by optical means. The 
average diameter of the pores is about 4 x 10-7 cm. and 
it is estimated that one cubic inch of Silica gel contains 
approximately 50,000 square feet of pore surface. The 
absorption of vapour by Silica gel is due to the con- 
densation of the vapour and its retention to the capillary 
action in the pores. The amount of vapour absorbed 
is a function of the vapour pressure and of the tempera- 
ture. When the gel is saturated it can be re-activated 
by heating. It is impregnated with cobalt-chloride in 
order to indicate saturation by a change of colour. 
The dryer is provided with inspection windows through 
which the degree of saturation can be observed. The 
colour change starts at the bottom and proceeds up- 
wards, and when this colour change is nearing the top 
of the substance the charge should be. renewed. 


(+) Approx. breathing capacity 8 cu. ft./24 hours 
for 12 months. 





Spr 
the 
the 
The 








uring 
Eto 
uble, 
these 
ation 
been 
rans- 
y air 
1uni- 
here 
With 

the 
"yers 


con- 
and 
ans- 
5370 





THE ENGINEERS’ DIGEST 303 


resistance of the windings to earth were above connected up once more and the resistance after 
2,600 Megohms. During the first 10 days the 14 days was again 100%. 

filter valve on the lid of the transformer tank was When the test was completed about sth of 
left open by mistake, with the result that the in- the drying agent was saturated with moisture. 
sulation resistance dropped to 2.5% of the initial This shows that the charge used for this test 
figure. After closing the cock the resistance rose would be sufficient to protect the transformer 
to 21% within 10 days and to 100% within 39 without oil for a period of 3 years. From this 
days. During the following 268 days the resis- it can be concluded that the Silica dryer consti- 
tance remained at 100% of the initial value. At tutes a fully reliable device for protecting trans- 
the beginning of October the dryer was dis- formers from moisture during transport, and that 
connected, with the consequence that the insula- it may even increase the insulation resistance of 
tion resistance on the high tension side decreased the transformer if it was not completely dried 


by 50% in about 50 days. Then the dryer was before delivery. 


HIGH TENSION CURRENT TRANSFORMER 
DESIGN: SPRECHER & SCHUH 


(From Chez Sprecher & Schuh, No. 4, 1940, pp. 4-5). 


THE new design of current transformers of sulation is built up from paper, which is applied 
Sprecher & Schuh has smaller dimensions than up to the necessary thickness according to the 
the constructions used up to now. Fig. 1 shows technique used for the insulation of paper 


the core and the windings of such a transformer. 
The high tension winding consists of only one 
circular coil, which 
is enclosed in a metal 
case. The two high 
tension leads are 
placed in a metal 
tube, which is solJ- 
dered to the case of 
the coil. Case and 
tube are in connec- 
tion with the high 
tension winding and 
have therefore the 
potential of this 
winding. The sur- 
face of these two 
metal bodies is an 
equipotential sur- 
face, which is very 
favourable for the 
distribution of the 
field stresses in the 
insulation placed 
upon them. The in- 


Fig. 1 (left). 

Active part of a cur- 
rent transformer of the 
new type for 150 kV. 


Fig. 2 (right). 
Comparison of the di- 
mensions of the trans- 
formers for 150 kV.: 
Old type and new type. 
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insulated cables. Some difficulties were en- 
countered in achieving good insulation at the 
point, where the tube is connected to the case of 
the winding.. But they have been overcome. 
The insulation of the case and the tube is coated 
with a metallic layer, which is earthed. On the 
tube this layer terminates in a glow discharge 
ring, placed not far above the entrance of the tube 
into the case. In order to obtain the right po- 
tential gradient the insulation near this entrance is 
reinforced. Due to the metallic surfaces, between 
which the insulation is embedded, the dielec- 
tric stress therein is uniform, can easily be cal- 
culated and is independent of the shape of the 
metal bodies in the vicinity of the winding, e.g., 
the core and the tank. This results in very small 
dimensions of the high tension coil. 

In Fig. 2 the old and the new type of 150 


CALIBRATION 


kV current transformer are compared. In the 
old design half of the active part of the transformer 
is placed within the tank, the other half within 
the insulator. The old type contains 700 kg oil, 
the new type 150 kg. Total weights aie 1500 
and 780 kg respectively. The rating of the new 
type is even higher than that of the old one. The 
core is built up out of normal transformer sheets, 
It is not necessary to use Mumetal or Megaperm. 

The transformers are built with one or with 
two separate cores, one for the measuring instru- 
ments, the other for the relays. They are manu- 
factured for any voltage, normal secondary 
current is 5 amp. Other current intensities 
however, e.g., 1 or 10 amp. or two ratios, e.g., 
50/5 and 100/5 can be provided. 

Classification of the transformers is made 
according to the rules of the VDE. 


OF HYDRAULIC TESTING MACHINES 


By H. N. DEMENTIEV. (From Zavodskaja Laboratoria, Moscow, Vol. 1941, No. 2, pp. 190-193). 


THE percentage error of a testing machine is 
given by: 


g—Pm—Pe 00%, 
Ps 
where Py is the indicated loading and P, is the 
true loading. 

Typical guaranteed values specified by first 
class makers are + 1% down to 1/2 of maxi- 
mum load given by Amsler and + 1% to 3% 
of maximum load, by Krause. 

This error is the unavoidable result of friction 
in the effort-producing and measuring mechan- 
isms. In hydraulic machines it is chiefly due 
to friction of the plunger and indicating gear. 

In order to reduce plunger friction some 
firms dispense entirely with gland leathers and 
permit, therefore, a certain amount of oil leakage ; 
incidentally this is beneficial, as it provides an 
ample lubrication. Other makers, however, 
prefer to retain the leathers and chance the extra 
friction. 

A series of experiments conducted by the 
author have shown that machines provided with 
leathers can be adjusted to be correct within 
+ 1% to 10% of maximum load. 


Gland Leather Friction. 
The effort of a glandless plunger can be 
expressed as 


where d is the plunger diameter, py the pressure 
and f the co-eff. of friction. 
With a leather the expression becomes 


Pn= = d2 py—(ad.b.py.u +f) ....(2) 


where the expression in the bracket = F = the 
total friction, i.e., the sum of leather friction and 
that of the plunger alone. 

It can be easily demonstrated that the friction 
of a well fitted plunger by itself is small: in a 
series of tests on a numbei of 50-ton testing 
presses of the author’s own type it was found that 
the total F was in excess of 2 tons, whilst f as 
found by weighing the plunger when freely 
falling under its own weight, was only about 
10 Ibs. 

With a badly fitted leather the force F does 
not vary in proportion to the load, and this in- 
troduces difficulties in calibration. 


Drawbacks of Accepted Calibration Methods 

It is usual to calibrate hydraulic machinery 
with the aid of dynamometers which are essentially 
strong steel frames working with minute deforma- 
tions of the order of a few thousandths of a 
millimeter. 

When a machine is calibrated by placing the 
dynamometer directly between its jaws, there- 
fore, this practically amounts to a static test, 
whereas in actual use the movement is more 
appreciable and the friction of its mechanism 
is that of motion. 
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If F is the static friction of the mechanism 
and F, its frictional resistance when moving, we 
can write 
K = F wae F, 


MTR mem 


and as this 
difference K is 
quite appreci- 
able it follows 
that the usual 
methods of 
calibration are 
defective, par- 
ticularly for 
machines pro- 
vided with 
leathers. 

Fig. 1 illus- 
trates a calibra- 
tion test as re- 
commended by 
the writer. The 
essential fea- 
ture of this is to 
ensure that the 
plunger should 
be in motion 
f = by placing be- 
Fig. 1. 50-ton press of the author’s | low the dyna- 
own type arranged for calibration | mometer (1) a 

by the proposed new method. pad of rubber 
(2) of sufficient thickness to give a plunger stroke 
of about an inch. 

To investigate the influence of the difference 
between static and dynamic friction, experiments 
were conducted with twelve 50-ton presses of 
the author’s latest design. The load was measured 
by means of a dynamometer, and at the same time 
the pressure in the cylinder was measured by a 
precision gauge so that the net value of the 
frictional forces could be calculated. 


an 


Fig. 2. Curves of friction coefficient for dynamo- 
meter tests without rubber pads. 


The curves in Fig. 2 show the values of uv 
as worked back from equation (2) for tests carried 
out without the rubber pads. 


Fig. 3 shows the corresponding curves ob- 
tained with the use of rubber pads, and it will be 
seen that the values are on the whole appreciably 
lower. 


7 


ap 


Fig. 3. Curves of friction coefficient for dynamometer 
tests with rubber pads. 


The mean values of ,» as calculated from the 
above sets of curves are shown in Fig. 4. Curve 
(2) corresponds to the use of dynamometer with 
pads and curve (1) without pads. The mean p for 
curve (1) is 0.069 and for curve (2) is 0.046, 
giving a difference of 0.023 between the two. 


5S Ww 2g 
Qn - 


Fig. 4. Graphs of average coefficients of friction. 


Fig. 5 gives graphs of the percentage error 
of a number of the presses in question as tested 
by government officials, and a mean of all these 
results is represented by the full-line graph in 
Fig. 6. The dotted curve just below this re- 
presents the general error characteristic of all 
the hydraulic testing machines in which leathers 
are used. 

It will be seen that for small loads the error 
is negative, but at the 20-ton point it becomes 
positive. This can be explained as follows: 
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Fig. 5. Graphs showing percentage error of testing 
presses of the author’s type. 


If a number of increasing loads are taken, 
Pi, Ps, Ps, . . Pn then clearly the gross effort 
on the plunger must be (P,; + F,), (P2 + Fy), 
etc. Equating the corresponding stages we will 
get in each case a positive force representing 
friction : 

F,=(P; +F,)—P,, orm ee and Fn=(Pa +Fn)— Pn 

The angle of rotation of the loading indicator 
a should be a function of the true force 
exerted by the press, i.e., 

te = f(P) 
but actually «.—f(P+F) and this results in 
discrepancies between «, and P. 


It will be seen that in Fig. 6 the graph of per- 
centage error begins to flatten out at about the 
40-ton point and then to drop, eventually 
approaching zero. This indicates a reduction of 


%o 
+1 


Fig. 6 


friction force when one would expect a con- 
tinued increase. This effect is due to increased 
leakage past the gland at high pressures resulting 
in improved lubrication, and is usual, but not 
universal : if the gland is of good quality leather 
and particularly lightly fitted the friction will 
continue to increase throughout the loading 
range. 

If the indicator were set in such a way as to 
give positive error throughout, then in the 
present case of a 50-ton range it would be as 
much as 10 division (equal to 2 tons or 4°) out 
at one end of the scale, and would also be very 
much out at smaller loadings. It is therefore 
necessary to arrange for negative deviations at 
small loads and positive error beyond approxi- 
mately half load. 

With due care, therefore, it is possible to 
keep even machines, provided with glands to 
within the + 1% error (as specified by the latest 
official regulations in the U.S.S.R.) over a wide 
working range, but if the new method of cali- 
bration proposed by the writer were adopted the 
results would be in greater accord with actual 
working conditions. 


ELECTRICALLY OPERATED DYNAMOMETER 


(From an abstract of a publication of the Schiess A.-G., Diisseldorf, in Bulletin Association Suisse des 
Electriciens, Vol. 32, No. 9, May 7th, 1941, p. 208). 


THESE dynamometers have the form of a little 
box, which contains two laminated cores, each 
having the shape of a broad “u.” The short 
legs of the cores face each other. There is a coil 
on each core. One coil is connected to an A.-C. 
source the other to a milliammeter. The ap- 
paratus works like a transformer: If the cores 
are brought nearer together the secondary current 
increases. If one core is fixed to the strong cover 
of the box the secondary current is a function of 
the force acting on the cover. It would be pos- 


sible to provide the ammeter with a scale indicat- 
ing the magnitude of this force. But it seemed 


preferable to read the current in milli-amperes 


and to use a gauging table. The clearance 
between the legs of the cores is not greater than 
1/10 mm. _ This is sufficient for the measurement 
of forces from 0 to 3000 kg. Boxes for various 
ranges within these limits are available. The 
apparatus is very useful for the manufacturers 
and the users of machine tools. 
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INSTALLATION AND MAINTENANCE OF AIR-HYDRAULIC PRESSES 


By L. SCHERER. 


AtR-HYDRAULIC presses are mainly used for jobs 
requiring only small forces. In such cases the 
purchase of normal hydraulic presses which need 
a pump and a water accumulator can be avoided. 
The installation and the maintenance of air- 
hydraulic presses need special care. It is in- 
dispensable to keep the pipe lines clean, and to 
use for preference filtered rain water to which 
non-acid oil is added. 

The following points should be considered for 
the installation of several presses in one work- 
shop : 

(1) Provision of space sufficient for working 
and maintenance of the presses. 

(2) Position of the accessories. Usually they 
are fitted to the presses (distributor, water tank, 
pressure regulator, valve). The water tank may 
be distant from the press if necessary. 

(3) The pipe lines must be laid out in such 
a way as to permit independent operation of the 
presses. 

(4) The valves and cocks should be within 
easy reach. Fig. 1 shows the general lay-out 
of a group of air-hydraulic presses. 

The presses may be classified in two groups : 


(From Machine Moderne, April 1940, pp. 155-158). 


(a) Presses with working stroke upwards, 
the piston returning by gravity. 

(b) Presses with working stroke downwards, 
the piston drawn back by one or two auxiliary 
pistons. 

The operation of a press with an upward 
working stroke is as follows : (Fig. 2). 

The water tank 19, which must be placed at 
a lower level than the piston 4, is filled with 
water from the mains. Compressed air is ad- 
mitted to the tank 19, which forces water into 
the container 3. The process is repeated until 
the container 3 is filled up with water. This is 
effected by the distributor lever 5, which is 
brought from position A to B, compressed air 
is thus admitted into the tank 19 and water is 
forced into 3, through the valve 18; thus the 
piston 4 advances until it meets a resistance, and 
the approaching stroke is finished. 

On pushing the lever 5 from B to C, the com- 
pressed air closes the valve 18. Pushing the 
lever further to D, allows air underneath the 
piston 9, which rises and pushes the rod 10 into 
the container 3, thus forcing the piston 4 upwards 
through the working stroke. 
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The air pressure at top and bottom of the 
cylinder 8 is equalised by bringing the lever back 
to an intermediate position between C and D. 

Bringing the lever further back, the distri- 
butor connects the valve 18, the tank 19, and the 
bottom of the cylinder 8 with the outlet. The 
expanding air brings the piston 9 down, and the 
hydraulic piston descends by its own weight. 

In certain cases the piston is returned to the 
original position by the action of auxiliary lateral 
pistons or by an annular drawback obtained by 
a difference in diameter of the hydraulic piston. 
The auxiliary pistons are connected with a 
special water tank which may be kept continu- 
ously under the pressure of the compressed 
air during the time of action through the distri- 
butor. The water of the auxiliary piston should 
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never support the pressure of the main piston, 
and it should always communicate with the low 
pressure water tank. 

The pressure and speed regulator 7 is placed 
between the distributor and the air cylinder, 
It contains a spring loaded piston, keeping an 
inlet valve open to the air cylinder. Two screws 
allow regulation of speed and pressure. 


The following rules should be adopted for 
proper maintenance : 

(a) Replace the packings if necessary. 

(b) Grind in the distributor. 

(c) Lubricate slightly the regulator piston and 
the valve piston. 

(d) Grind in the valve if necessary. 

(e) Keep all nuts well locked, especially 
those of the supports. 

(f) Check, clean and grind in the valve (Fig. 
3), and replace its packing if necessary. 
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INDUCTION-HARDENED CYLINDER BORES 


By FRED. P. PETERS and EDWIN F. CONE. 


(From Metals and Alloys, Vol. 13, No. 6, June, 1941, 


pp. 713-722). 


THE newest addition to surface-hardening pro- 
cesses that has become available to engineers in 
recent years is the process for induction-harden- 
ing the internal surfaces of cylinders, tubes, 
pipes, etc., developed by Howard E. Somes, of 
Budd Induction Heating Inc. Although akin 
to previous developments, the new method is 
none the less unique in several respects: it is 
the first commercially successful application of 
automatic induction-hardening to the inside 
surfaces of cylindrical parts, an entirely different 
proposition from external surface hardening. 
The hardness produced in both steel and cast 
iron are remarkably high, yet accompanied by 
unexpected machinability, physical properties 
and microstructure. The equipment used is 
actually a precision machine tool capable of 
turning out hardened parts on a mass-production 
scale. The process is especially important to- 
day because it can turn out fully-hardened parts 
with the utmost rapidity, and affords a means of 
saving on defence-necessary alloys. 


The Process and Equipment. 


The fundamental purpose of the process is 
to develop a hard, wear resisting, surface on the 
inside surface of a cylinder without disturbing 
the toughness, ductility, machinability, and di- 
mensions of the main body. A corollary objec- 
tive has been the production of this condition in 
“ordinary ” steels and irons as well as in alloyed 
material. 

The hardening is accomplished through the 
concentration of high-power, high-frequency, 
electromagnetic current in the surface to be 
hardened. In the Budd process, the high- 
frequency currents are caused to flow almost en- 
trely in this shallow internal surface zone, and 
heating is so fast that this zone is raised to harden- 
ing temperature almost instantaneously—at least 
before any significant amount of heat is lost to 
the main body of the part. The immediate 
application of a controlled water quench finishes 
the metallurgical treatment. The power input 
and frequency of the current, the volume, pressure 
and angle of direction of the water quench are 
automatically controlled. 

The equipment used in the process comprises 
4 source of high-frequency current and its meter- 
ing, conducting and transmitting accessories ; 
the hardening machine, with its heating “ head,” 





quenching fixture and work holding device ; and 
the all-important controller system. 


The Hardening Machine. 

A specially designed sliding-core. switching 
transformer reduces the voltage to safe working 
values and also serves to switch on and off the 
héat treating head. The load is applied by 
moving the transformer primary into inductive 
relation with the secondary, which is itself 
connected to the heat treating head by means of a 
massive conducting arbour similar to the spindle 
of a machine tool. This arbour consists of two 
concentric copper tubes insulated from each 
other. The transformer is at the top of the 
hardening machine, with the arbour and heat 
head suspended from it. 

The heating head is the vital part of the 
machine. Connected with the transformer se- 
condary, this head comprises a copper tube 
coiled around a laminated iron core, all on a 
mandrel. Cooling water is circulated through 
the tube, since current densities as high as 
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Fig. 1. The induction heating ‘“‘ head ” and quench- 
ing device on a Budd machine used for internal surface 
hardening cast iron cylinder liners. The liner (not 


shown) is held in place by chucks, one of which may 
be seen just below the head, while the head is drawn 
progressively through the bore, 
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200,000 amps. per sq. in. are reached in some 
cases. 

For each job a suitable work-holding fixture 
is provided, and in some cases the part being 
treated is simultaneously rotated and moved 
axially with respect to the heating head during 
the treatment cycle. In operation, it is ne- 
cessary that the work piece be chucked so as to be 
held in the exactly desired relation with the 
head, yet not touch it. 

The quenching device operates directly under 
the heat head, and in controllable relation to it. 
It is attached to the lower section of the machine, 
rises towards the head during the treatment cycle, 
and is retracted downward during loading and 
unloading. 

All of these critically important timed se- 
quences are maintained by a sequencing con- 
troller made up of a series of precision cam- 
operated switches, with different sets of cams 
used for controlling different sizes of cylinders 
to be treated. The controlled movement of the 
work-piece and the heat treating head is accom- 
plished by a motor driven hydraulic system. 

In operation the machine is set for any de- 
sired heat treating operation within its range by 
a convenient adjustment of the controller and 
the proper heat head and work holding fixture ; 
the latter closes and automatically raises the 
cylindrical work-piece so that it surrounds the 
heating head, with the latter (and the quench 
fixture) in position at the bottom of the bore to 
be treated. The cylinder is then automatically 
lowered while the high-frequency current is 
applied, and the quench follows at the correct 
time interval. At a pre-determined moment the 
quench is automatically shut off, moved away 
from the heating head, and the cylinder is re- 
moved. The operation—precisely reproducible 
for an indefinite number of repetitions—may 
require not more than 3 secs. for the complete 
cycle. 


Applications. 


AIRCRAFT ENGINE CYLINDER BARRELS. The 
most recent and one of the most promising of 
the applications of the Budd process, from the 
general viewpoint, is its use for hardening the 
bores of aircraft engine cylinder barrels. At the 
present time, cylinder barrels of forged S.A.E. 
4145 steel (1% Cr, 0.20% Mo) are being re- 
gularly hardened by this method with eminently 
satisfactory results. The case produced is more 


durable, deeper, and more uniform concentrically 
than the nitrided case previously used, and since 
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there is no composition change in the treatment, 
the hardened surface does not flake of. Pro. 
duction rates are remarkably high ; 500 hardened 
cylinder barrels a day per machine could be 
achieved almost immediately, and the use of 
highly alloyed steels to develop top hardness 
could be dispensed with. 

In the application mentioned, the rough- 
machined forging is first “core hardened” to 
say 32 Rockwell C. Then the cylinder is bored 
and the bore is rough-honed to a few thousandths 
of an inch under finished size. The outside 
surface is then turned concentric with the inside 
and the ends are faced to length. At this point 
the bore is induction-hardened in a Budd machine 
to 62-64 Rockwell C., the depth of hardness 
being accurately pre-set at about 0.045 to 0.050 in. 
After hardening, the bore is finish-machined, 
the outer surfaces are semi-finished and the bore 
is honed. Distortion in this treatment is so 
slight that only 0.004 in. to 0.007 in. honing is 
required, usually just enough to remove tool 
marks. 

CAST IRON CYLINDER LINERS. Probably the 
broadest type of possible application for the new 
process is its use for hardening the internal 
surfaces of cast iron cylinder sleeves. At the 
plant of the Caterpillar Tractor Co., all cylinder 
liners for Caterpillar diesels are now being 
treated by this process. The machine hardens 
the bore surfaces to the equivalent of 60-66 
Rockwell C., and these are subsequently tempered 
to somewhat lower values. The depth of the 
hardened zone is about 0.070 in. 

The hardened surfaces of these liners are 
machinable with special techniques.  Cater- 
pillar is actually doing 4 milling operations through 
the hardened zone, milling 2 valve clearance 
pockets and 2 rod clearances. 

Most of these liners are made from a good 
grade of plain or low-alloy cast iron, cupola iron 
being entirely satisfactory. A typical iron for 
this purpose would run 2.80 to 3.10% total C,, 
0.60% Ni, 1/4 to 1/2% Cr, and have a tensile 
strength of about 45,000 to 65,000 Ibs./sq. in. 
Close grained irons should be used, and for thin- 
walled cylinders the quality of the iron should be 
chosen with special care. 

An interesting feature of this process, 4s 
applied to the hardening of cast iron cylinders, 
is its simultaneous use as an additional inspec- 
tion. Where the part being treated is porous of 
cracked, an abnormality of the heating current 
occurs within the piece and manifests itself by 4 
melting of the surface or wall adjoining the de- 
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fect; in the case of porosity marked signs of 
over-heating can be observed. Consequently 
defective stock can be easily identified. 


AUTOMOBILE REAR Huss. The first success- 
ful large-scale application of the Budd harden- 
ing process was for hardening the inside surface 
of rear wheel hubs for a leading automobile 
manufacturer. The hubs are of S.A. 
1045 steel forgings, and the bore is hardened to 
provide an integral race for roller bearings. To 
date, over 5 millions of these Budd hardened 
hubs have been placed in service without a failure 
being reported. The complete hardening cycle 
requires 20 secs., and production in normally 
180 hubs per hr. per machine, although the 
machines can be timed to operate as fast as 240 
parts per hr., if a plant should ever need them 
that fast. 

The illustration shows the uniformity and 
concentricity of the hardened zone on these hubs. 
Owing to its higher homogeneity, steel surfaces 
develop higher hardnesses in the treatment than 
do those of cast iron. Steel parts have been 
readily hardened to 69 Rockwell C. and in depth 
from 0.025 to 3/8 in., and certain special cast 
steels have even been treated to hardnesses up 
to 78 Rockwell C. 

Metallurgical Considerations. 

From all of the foregoing, it is evident that 
the process must be metallurgically “ different ” 
from more familiar hardening methods, since so 
many of the product’s characteristics that are 
microstructural in origin are unique. The ex- 
.tremely rapid quenching produces in both cast 


‘iron and steel a much finer-grained martensite 


than is ordinarily obtained by other methods. 
Distortion is held to a minimum because only a 


Fig. 3. The structure of the automotive hub (a 0.37 
C, 0.77 Mn, 0.025 P, 0.120 S, 0.15% Si, steel forging) 
is shown in this matched strip continuous picture, from 
the unhardened metal at the left through the hardened 
zone to the bearing race surface at the right. Note 
the complete elimination of the ferrite grain boundaries 
and the uniform structure in the hardened zone. 
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Fig. 2. Typical 
microstruc- 
tures in Budd- 
hardened cast 
iron cylinder 
sleeves (the iron 
* 228. Ee., 
0.65 CC, 224 
Si, 0.68 Ni, 
0.58% Cr). 


Top - the unhar- 
dened zone, a 
characteristic 
cast iron struc- 
ture of graphite 
plates and phos- 
phide eutectic in 
a matrix of lam- 
ellar pearlite. 


Middle— 
the “transition” 
region, showing 
partial grain re- 
finement. 


Bottom—the 
full-treated zone 
with its uni- 
form, fine grain 
and unexpected 
lamellar struc- 
ture. 
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portion of the piece is heated to critical tempera- 
tures. Absence of scaling, spalling, grinding 
checks and cracks, and of relief of hardening 
stresses during subsequent machining or grinding, 
and, in many cases, the obviating of pre-annealing 
or pre-normalizing treatments. all result from the 
unusual speed of heating and uniformity of 
structure. 

In all cases the grain is ultra-refined, ordinarily 
there remaining no vestige of the original grain 
boundaries. One of the most startling features 
is the lamellar structures that are found through- 
out the hardened portions of originally pearlitic 
irons. 

In spite of the high hardness of cast iron 
cylinder liners there is a considerable amount of 
retained austenite in the hardened zone. The 
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austenite is evident to X-rays and to magnetic 
analysis, but does not show up under the 
microscope in a recognisable form; it must 
therefore be ultra-fine-grained and dispersed 
throughout the structure. Austenite contents 
of 30% and above have been observed. It js 
possible that the presence of the austenite is q 
factor in the existence of machinability at such 
high hardness. The combination of retained 
austenite and high hardness may also contribute 
to the wear resistance of the surfaces. 

The induction heating takes the affected zone 
to a temperature so high that diffusion is rapid, 
yet the time at temperature is so short that the 
excessive grain-coarsening that would ordinarily 
be expected to accompany such high tempera- 
ture heating does not occur. 


Fig. 4. Some of the 
steel hub microstructures 
at higher magnifications. 
Left, the unhardened zone 
at 500 X, showing the 
typical forging structure 
of coarse grains of pear- 
lite bounded by ferrite. 
Right, the fully-hardened 
zone at 2000 X, revealing 
a very fine grained maf- 
tensite together with 
small particles of retained 
austenite. 


TESTING OF CRANK SHAFTS 


By E. Sreper and G. STAHLI. 


(From Die Giesserei, Vol. 28, No. 7, April 4th, 1941, pp. 145-150). 


(Continued from page 282). 


It can be seen that in the first case the load- 
ing was 104 mkg., and fracture occured only 
after 9,000,000 repetitions (two repetitions for 
each rev.). If the loading is increased, the 
number of repetitions until fracture is reduced 
and at + 130 mkg. fracture occurred almost 
immediately after full speed was reached. The 
Wohler curve for this type of shaft is shown in 
Fig. 10, from which it can be seen that the maxi- 
mum loading is about 100 mkg., which the shaft 
can endure without fracturing. The two cases 
(Nos. 14 and 8) where fracture occurred in the 
coupling flange are not represented in this curve. 

Three forged steel crank shafts were examined 
in a similar manner, the loading being + 125, 
130 and 136.5 mkg. respectively. Whilst the 
shaft with a loading of 125 mkg. fractured after 
2,795,000 revolutions, no fracture occurred in 
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the other two cases 
up to about 
5,000,000 revolu- 
tions. Therefore, it 
can be safely as- 
sumed that in the 
first case fracture 
was caused by some 
defect in the steel. 
The strength of 
the cast iron shafts 
can undoubtedly be 
increased to higher 
values. The tests 
gave very valuable 
information regard- 
ing construction. It 
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Fig. 11. Cast iron crank shaft flange Nr. 14. 


can be seen (Table I, 

Figs. 11, 12, 13) that the greatest stress occurs coupling, and the web betw ank pi 

‘ . . e ij 

in the coupling flange, the crank pin before the shaft end. Fracture starts name a pe 













grooves or at the round corner of the transition 
part of the first crank pin to the first web. There- 
fore, improved design of these parts would cer- 
— increase the strength of cast iron crank 
shafts. 
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Fig. 15 
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The experiment also revealed important steel shafts the gun metal has been washed from § gas fi 
information regarding the performance of the the bearings and the crank pins were scored L 
bearings under the severe loading conditions. (Figs. 14 and 15). This failure of the bearings § the e 
From this point of view the great superiority could be detected after 2,000,000 revolutions. § short 
of cast crank shafts over forged steel crank Impurities in the lubricant did not adversely § runni 
shafts was established. Whilst the gun metal effect the cast crank shafts and bearings, but § sentic 
in the bearings and the crank pin of the cast the siezing became still worse in the case of the | poiso 
crank shafts did not show any defect of distor- forged steel crank shaft. piece 
tion after long running, in the case of the forged to igi 
T 

NEW GAS GENERATORS FOR MOTOR CARS 2or ; 

By Dipl. INc. W. HELLER. (From “ ATZ,” Automobiltechnische Zeitschrift, Vol. 44, No. 7, be fo 

April, 1941, pp. 179-182). ‘aia 

AmonG the solid fuels, anthracite is the most The fire zone is determined by the pass of the | tion. 
suitable motor car fuel owing to its high calorific air entering the furnace through the main. jet | gener 
value of about 8000 WE/kg, compared with during the suction stroke of the engine. Since ] consu 
7000 of charcoal, and 3200 of wood; and its the fuel serves also as insulation between the | to 14 
density is 850 kg/m*. The latest development’ fire bed and the casing, very high temperatures T 
of the anthracite gas generators rendered it may exist at the fire centre. The gas so pro- § rator 


practicable for general use. 


The Mercedes-Benz Gas Generator, Type 
G 303. 

The generator (Fig. 1) is built up from steel 
plates ; the fuel hopper forms the top part, the 
lower part is the fire box and the two are connected 
by a throat. A plate can be slid into this throat 
during cleaning of the fire box to prevent fuel 
entering the fire box. 

A removable grate is suspended in the fire 
box. Pressure gauges are fitted in front of and 
behind the grate to check the draught. Facing 
the grate a main jet and below that a smaller jet 
is fitted into the fire box. The jets are cooled 
by circulating water passing through a surge 
tank, which is fitted sideways to the generator 
and is connected to the main water circulation. 
A special tap is provided to control separately 
the main and the jet cooling system. 




















duced, is free from carbon-monoxied. Air en- 
tering through the smaller jet keeps the slag red 
hot and viscous, so that it will sink to the bottom 
of the furnace. 

Since gas generation does not cease imme- 
diately the engine is stopped, a free escape for 
the gases is through the jets and a delivery vent 
‘tising above the generator. 

# © To start the engine the grate is thoroughly 
cleaned and the generator is closed. The hopper 
is filled with small size fuel and the cover is put 
into position. After starting the engine with 
petrol the charge in the fire box is ignited and the 
speed. of the engine is slowly increased. When 
the fuel is properly burning the air fuel mixture 
is adjusted and the engine is switched over to 
from § gas fuel. 
cored Long idling of the engine is to be avoided, 
ings [| the engine can be restarted on gas fuel after a 
tions, f short pause. The hopper can be refilled during 
srsely running; however, certain precautions are es- 
. but §f sential since the hopper is filled with inflammable, 
f the f poisonous, gases. After opening the hopper a 
piece of burning paper is thrown into the hopper 
to ignite. the gases. 

The generator should be cleared of slag after 
2or 3 charges. With little practice it should not 
be found difficult to remove the slag before the 
generator has cooled off; this is especially im- 
portant when the engine is in continuous opera- 
f the § tion. Complete emptying and cleaning of the 
1. jet | generator is necessary after about 6-700 kg. fuel 
ince f consumption, which corresponds to about 1200 

the | to 1400 km. running. 
fures The hot gases are conveyed from the gene- 
pro- § rator through a length of piping into a cooler at 
the rear of the car. The cooler consists of three 
tubes in series through which the hot gases are 
scrubbed. Larger coal particles suspended in 
the gases are deposited on to the walls of the 
cooler. From the cooler the gases return to the 
front of the car and enter a filter. The cooler 
and a length of piping can be by-passed should 
}- lg temperature at the filter fall below 60 to 

The filter (Fig. 2) is made up of a double 
walled container, filtering chamber with a gas 
inlet nozzle, a cover with the filter cloths and 
outlet nozzle, and two sight holes with cover 
plates. The gas enters the filter at the top, 
passes down between the walls to the inlet nozzle. 
The filtering chamber is filled with powdered 
charcoal, which thoroughly cleans the gas. At 
this stage the gas is freed from water, sulphides, 
and tar acids. Finally the gas passes through 
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the upper part of the filter (Fig. 3), containing 
the filter cloth which retains the fine dust particles. 
This dust layer is shaken off from the filter cloth 
by the action of the vibration of the motor car. 

Before starting the engine, the filtering char- 
coal must be checked. After every 300-400 km. 
running this charcoal powder has to be renewed 
or at the latest when it becomes too contaminated, 
which is indicated by the reduction of engine 
power and by a pressure gauge attached to the 
filter cloth. The filter cloth is protected from 
back firing by a safety filter, which also serves as 
an emergency filter should the filter become 
damaged and permit the passage of the larger 
dirt particles. 


The Deutz Anthracite Gas Generator, 
Type KAS. 

The Deutz Anthracite gas generator (Fig. 4) 
consists of a gas producer, water evaporator, a 
two stage water cleanser, mixer, fine filter, pres- 
sure gauge, flow regulator, and a centrifugal 
dust collector. The brick lined generator is 
double walled, between which steam is gene- 
rated and the circulating steam prevents exces- 
sive temperatures inside the generator. The 
water is injected into the steam generator through 
a regulating valve, and evaporates on contact 
with the hot walls. The 
steam then passes to the 
mixer below the gene- 
rator to which air is 
alsoadmitted. Both the 
steam and air admission 
pipes are provided with 
flap valves. The steam/ 
air mixture enters the 
fire box through a cen- 
trally situated nozzle 
which has a large guard 
ring at the top, filled 
with slag, to prevent 





Fig. 3 
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the glowing fuel from laying on the nozzle open- is not very advanced poking is sufficient, other- 
ing. The slag can be removed through two wise the slag must be removed. 
grate rings; they are so arranged that their Since the starting of an engine is an elaborate 
openings overlap. The fuel is admitted to the process the engine is kept running continuously 
fire box from the hopper through a funnel which for long periods (a week). During the standby 
keeps the fuel charge at a constant height. The period no fresh fuel is admitted to the generator, 
fuel hopper is, of course, provided with a cover. but the existing charge is kept glowing with 

To start the engine wood, impregnated with open doors. To put the engine in service again, 
lubrication oil, is layed on the grate and ignited. the doors are closed, and the funnel throat to the 
When combustion is well in progress the coal fuel hopper is opened. Complete cleaning of 
charge is admitted. The water regulator valve the generator is necessary weekly. 
is kept closed and the engine is started. After A centrifugal dust collector removes the 
a short interval the water valve is opened and the dust particles from the gas, and in a water separa- 
engine switched over to gas fuel. tor the gas is dried. The gas is passed through 


Formation of slag is indicated by an increase _—_a fine filter before admittance to the engine. 
of the induced draught pressure. If clinkering 


A PROJECT FOR A SYSTEM OF CHARGING STATIONS FOR 
ELECTRIC VEHICLES IN VIENNA 
(From the Bulletin Association Suisse des Electriciens, Vol. 32, No. 8, April 23rd, 1941, p. 177). 


IN a small pavilion on the last Vienna fair in- It is almost certain that 50% of the com- 
formation was given to the public on the project mercial delivery vans cover less than 60 km, a day, 
of charging stations prepared by the Electricity whereas the capacity of a charged battery is 80 
Works. A map, showing a model and the dis- km. Therefore, a wide field for the develop- 
tribution of the stations, was shown. Though ment of the use of electric vehicles is open if the 
the project is still in the state of study and trial, the disadvantages of such cars can be eliminated. 
following principles, on which the project is The greatest disadvantage consists in the tt 


based, can be recognized. charging of the battery. By the project of the 
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Vienna Electricity Works the owner of an electric 
car will be able to replace his discharged battery 
by a charged battery at any of the charging 
stations. It is evident that the use of a standard 
battery is an essential condition for the realiza- 
tion of the project. 

It is intended to erect 13 stations. Their 
density will be higher in the centre of the town. 
The two most remote stations have a direct 
distance of 35 km. from each other. 
will be of a standard type. They will contain 
two charging rooms, each for 40 batteries. The 
charging will be done during night with cheap 
energy delivered from water power plants. In 
the morning 13 x 80 = 1040 charged batteries 
will be at disposal. Furthermore, the stations 
will contain another charging room for the ac- 


All stations . 
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cumulators for light, a repair work-shop, a com- 
pressor, a store room for tyres and spare parts, 
an office, and an arrangement for the quick re- 
placement of discharged batter‘es. 

It is of interest tha: the stations will be able 
to do work which is not a part of their primary 
activity, e.g., refilling and revision of tyres and 
other maintenance of the cars. The driver will 
find assistance at any of the stations of the system. 
The service is given for a monthly payment, 
which will be fixed according te the amount of km 
effectively covered. Payment for the replacement 
of a discharged battery depends on the amount 
of covered km too. 

The extraordinary service of this system should 
promote the use of electric vehicles. 


SOME NEW TYPES OF MAGNETIC APPARATUS 
By C. D. ENTIN. (From Zavodskaja Laboratoria, Vol. 1941, No. 2, pp. 126-129). 


THE apparatuses described in this article have 

been devised in the Magnetic Laboratory of the 

Central Scientific Research Institute for Heavy 

Industries in the U.S.S.R. 

Universal Magnetic Flow Detector (“De- 
fectoscope ”’). 

Fig. 1 shows one of the latest types of Flow 
Detector as used and highly approved by ten of 
the biggest industrial undertakings of the Soviet 
Union. 

The most prominent features are (a) universal 
application, because it can be adapted to practi- 
cally any size and shape of work ; (b) ability to 








Fig. 1. Universal Magnetic Flow Detector. 


show up faults in any direction ; (c) adaptability 
to several supply voltages (110, 220 and 380 V. 
A.C., and 60 to 250 V. D.C.) ; (d) great power, 
permitting of creating a circular field with a 
magnetizing current up to 4000 amps at 6 volts; 
(e) provision of a strong constant field which can 
disclose deeply hidden defects such as welding 
faults, blow-holes, etc.; (f) provision for tests 
in the induced field of an electro-magnet ; and 
(g) provision for the creation of a spital field for 
disclosing simultaneously the longitudinal and 
transversal defects. 

The detector comprises: the iron core (1) 
resting horizontally on two 
aluminium supports (3), two slide- 
bars (2) which form part of the 
magnetic circuit and are movable 
by means of the handwheels (5), 
two V-blocks (4) whose position can 
be adjusted according to the length 
of the work to be inspected and, 
finally, the magnetising coil (6) 
with the plugging panel. 

For disclosing defects in any 
plane in one operation it is neces- 
sary to magnetise the specimen in 
a two-fold manner : longitudinally 
by the main magnet, and with a 
circular alternating field. The re- 
sultant is a spiral field and the varia- 
tion of its direction creates a con- 
dition under which defects in all 
planes become apparent. This type 
of magnetising field is obtained by 
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placing the specimen between the poles of the 
main electro-magnet and at the same time con- 
necting it with the secondary of an ordinary 
transformer, which creates the alternating circular 
field. A suitable transformer is supplied with 
the detector, and is connected to the slide bars 
by flexible cable. The slide bars are isolated 
from the rest of the magnetic circuit by thin 
layers of insulating material to prevent the 
current straying over the rest of the mechanism. 

In order to avoid burning the work, the 
clamping surfaces are provided with pads of fine 
copper gauze. For large works, such as crank- 
shafts additional clamps can be used. The de- 
sign also ensures that when switching on, the 
secondary circuit is closed before the primary, 
and during switching off this sequence is re- 
versed. 


Ermin’s Electro-Magnetic Apparatus for 
Determining the Thickness of Non-Mag- 
netic Coverings. 

The basis of this device is the measurement 
of differences in the magnetisation of a long 
Permalloy rod when in close proximity to a ferro- 
magnetic body which it magnetizes. 

The measurement is effected on the differential 
principle with the aid of two induction coils and 
the apparatus shown in Fig. 2. The principal 
feature is a “magnetic probe,” conveniently 
mounted in such a way as to have two longitu- 
dinal and two rotary movements so that it may be 
twisted in any direction. In addition, the table 
supporting the specimen is also capable of rota- 
tion. The probe, which is a Permalloy core 
surrounded by an induction coil, is adjusted to 
touch the specimen and an alternating current 
then passes through the coil. This magnetises 
the core, creating a magnetic field concentrated 
at its extremities. This field, in turn, magnetizes 
a small portion of the specimen nearest the probe, 
thereby creating an additional field and helping 
to magnetize the core further. The increased 
flux density in the core increases the inductive 
E.M.F. of the coil and assuming identical parent 





Fig. 2. Electromagnetic apparatus for determining 
the thickness of non-magnetic coverings. 


metal beneath the non-magnetic layer the extent 
of this effect provides a measure of the “ gap,” 
ie., of the thickness of the covering layer. 

The instrument has great sensitivity. Thick- 
nesses of as little as 0.001 to 0.002 mm. will give 
a galvanometer deflection of 20-30 divisions, 
But it must be kept in mind that changes in the 
inductance of the coil do not depend on the 
thickness of non-magnetic covering alone. The 
structure of underlying ferrous metal, the curva- 
ture and cleanliness of surface, and, in small 
work pieces, the shape and thickness of under- 
lying metal will also affect the result. Thus the 
apparatus must be separately calibrated for each 
type of article to be tested. 

Apart from measurement of non-magnetic 
coverings the apparatus can be used for checking 
the uniformity of metal structure near the surface. 
With some modifications (more powerful field 
and longer core) it can also be used for measuring 
the wall-thicknesses of thin hollow bodies. 
Magneto-Metallographic Analyser. 

M. Ermin, working in the Magnetic Labo- 
ratory of the Central Research Institute for 
Heavy Industry, has developed a new method of 
making visible the micro-structure of hetero- 
geneous alloys, showing grain size, direction, etc. 
This adds a new chapter to metallurgical research : 
the magneto-metallographic analysis. 





Fig. 3 
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Fig. 4(a) 


To achieve this, M. Ermin has constructed 
the apparatus shown in Fig. 3, which magnetizes 
the polished ferro-magnetic specimen to be 
analysed, and has developed a method of obtain- 
ing a stable magnetic colloidal substance with 
particles of the order of magnitude of 10-5 cm. 
This substance, produced in the laboratory by a 
chemical process makes the structure visible by 
the magnetic deposition of the fine particles and 
permits of magnifications up to 500 diameters. 

The apparatus allows of varying the strength, 
direction and position of the magnetic field as 
well as of superimposing several different fields 
in order to obtain the best condition for bringing 
out the structure of the polished surface. 

A typical result is shown in Fig. 4(a) which 
is a “ magneto-colloidal ” picture of a Silchrome 


Fig. 4(a). Magnetic picture. (Enlarged 6 dias). 
Fig. 4(b). Etched picture. (Enlarged 5 dias). 





Fig. 4(b) 


Steel specimen showing how the structure is 
clearly displayed by this method and is in close 
accord ‘with Fig. 4(b) which is the same specimen 
prepared by the ordinary acid-etching process. 
Slight differences in detail of some grains are due 
to the fact that after the etched picture was ob- 
tained the specimen was lightly re-polished in 
preparation for the magnetic observation. 

It should be noted that whereas the etching 
of the specimen took 4 and a half hours, the 
preparation for the magnetic method took only 
between 30 secs. and 1 minute. 

It is safe to conclude that this “ magneto- 
metallographic ” method which permits of extra- 
ordinarily rapid analysis of both micro- and 
macro-structure of ferrous alloys, deserves to 
find the widest possible application. 


NEW PUMP DESIGNS FOR LIQUID OR GASEOUS ACIDS AND BASES 
By PauL GRUNER. (From Stahl und Eisen, Vol. 61, No. 15, April 10th, pp. 376-377). 


THE moderate concentration of the acids and 
bases used in iron-works makes it possible to 
employ acid or base resisting brass, steel, or iron 
parts for pump designs. Nevertheless, non- 
metallic substitutes for such purposes are wel- 
comed, mainly because of the saving in valuable 
metal. During the past few years great pro- 
gress has been made in the adoption of clay for 
pump parts, which are manufactured with small 
porosity, and able to withstand the action of 
highly concentrated acids or bases. The clay 
used for such purposes has a sp. gr. of 2.4, strength 
In tension 3.0 kg/mm?, in compression 50 kg/ 
mm’, and for bending 3.9 kg/mm?. Its re- 
sistance to shock bending (1.8 cm. kg/cm?) can 


be improved by reinforcement, and in this way 
the last objection to its use for pump design has 
been removed. A point of importance is that 
clay contracts during baking and drying by 
about 14%. The parts are brought to the final 
dimensions by grinding, which can be performed 
easily. 

Figs. 1 and 2 show a pump of the rotary 
blower type. All parts made of clay are over 
dimensioned and the reinforcement, consisting 
of iron plates, is attached to it by means of cement 
layer about 10-13 mm. thick. These pumps are 
constructed with runner diameters varying be- 
tween 100-260 mm., and a speed of 960-2850 
r.p.m. The delivery against a head between 
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Fig. 1 





Fig. 2 
3.5 and 16.5 m. per stage amounts to about 
30-4200 1/min., at an efficiency of 70-85%. 

Another type of suction pump is shown in 
Fig. 3. Suction is axial, and delivery takes place 
in the radial direction. The runner is enclosed 
by a volute casing to improve the efficiency. 
The vacuum produced by such pumps is about 
210 mm. water head. The capacity of the pump 
is about 135 m*/min., when the runner diameter 
is 450 mm. and the speed is 2900 r.p.m. 

A suction pump of the propeller type is illus- 
trated in Figs. 4 and 5. The four-blade runner 
of 330-500 mm. diameter is running at 1450 
r.p.m., and is able to deal with 40-110 m/min. 
The head against which the pump can do work 
is very small. Indeed, this type of pump is only 
suited for pumping gaseous acids of strong con- 

















Fig. 3 






























Fig. 4 Fig. 5 


centration against very small heads. The pump 
can be applied in a horizontal or vertical position. 
A streamlined clay casing protects the driving 
mechanism (electric-motor), and is fixed in a 
central position by two strong ribs. The con- 
nections to the motor are embedded in these 
ribs, and are in this way well protected against 
the chemical attacks of the acid. Adequate 
packing of the shaft and runner from the motor 
is essential. Carbon, asbestos and rubber con- 
stitute the main packing materials. 

The pump shown in Fig. 6 can work against 
larger heads and has a greater capacity. These 
propeller type pumps can also be used for pump- 
ing sludge, or filling and emptying waste water 
tanks, since their operation is not greatly affected 
by dirt particles suspended in the liquid. 

The clay casing of the pump is made of one 
piece, the reinforcing plate is formed from two 
parts. The end of the latter forms a flange on 
to which the driving mechanism is mounted. 
The motor shaft is directly coupled to the runner 
and is protected from contact with the acidic 
liquid by a cylindrical sleeve. The end of the 
sleeve forms a star consisting of four ribs which 
take up the lateral pressures on the shaft. 

The propeller hub has four holes drilled 
through it so that the pressure side of the pro- 
peller is connected to the low pressure side, and 
this way most of the acid penetrating the clearance 
between propeller head and shaft is suctioned out. 
Should some acid leak past the clearance in spite 
of this arrangement it is prevented from con- 
tacting the shaft by a rubber sleeve, which, in 
turn, is enclosed by an asbestos packing. 
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ELECTRIC WELDING UNDER HIGH PRESSURE OF AIR 
By ERWIN SCHNITTER. (From Schweizerische Bauzeitung, Vol. 117, No. 8, February 22nd, 1941, p. 83). 


THE subaqueous tunnel crossing the Maas in 
Rotterdam has been equipped with a 6 mm. steel 
lining in order to achieve water tightness. The 
joints were welded electrically, the seams being 
covered in general with sectional irons. The 
tubular lining has a length of 560 m. and a surface 
area of approximately 38,000 m?. As the tunnel 
has been placed on the bottom of the river in nine 
sections, each finished before being sunk, 10 joints 
of 1.05 m. had to be closed by electric welding at a 
depth of 12 to 25 m. under the water level. 2.5 
km. welded seams were made under a pres- 
sure of 1.2 up to 2.5 atm. above the atmospheric 
pressure. Sound and homogeneous welds with- 
out any porosity have been produced by the 
following means. 

The work was preceded by thorough tests. 
Welds were made in a caisson adapted as a 
laboratory, under pressure raised successively up 
to 3 atm. Normal electrodes of 5 mm. in dia- 
meter were used. Even under low pressures 
the concentration of oxygen and nitrogen caused 
a brisk sparking of the arc and an irregular flow 
of the molten metal and slag. Under a pressure 
exceeding 2 atm. these phenomena became so 
violent, that it was impossible to produce a sound 
weld, the weld being porous. 

After a long series of experiments the firm 
W. Smit of ‘Nijmegen, succeeded in developing 
an electrode with a coating containing a good 
deal of organic material, which formed a gaseous 
shield preventing the access of oxygen and 
nitrogen to such an extent, that a sound weld 


DESIGNINC SNAP 


could be achieved under pressures up to 3 atm. 
Under a pressure of 3 atm. an electrode of 4 mm. 
in diameter proved to be suitable for making a 
sound weld, whereas with a 5 mm. electrode the 
weld became unsuitable, being porous. The 
reason being that with the thicker electrode a 
longer arc has to be used, which allows the oxygen 
better access. The coating of the electrodes is 
considerably thicker than that of normal elec- 
trodes. 

The sound and homogeneous welds produced 
with the new electrodes showed an exceedingly 
good structure under the microscope, nearly 
without gas pockets. The tensile strength de- 
creases from 56.2 to 53.5 kg/mm?, when pres- 
sure rises from 0 to 3 atm. The ductility de- 
creases from 25 to 17%, when pressure rises 
from 0 to 2.5 atm., and to 16% at 3 atm. The 
tensile strength in butt welds decreases from 38 
to 30 kg/mm?. 

For vertical welds two passes with an elec- 
trode of 34 mm. in diameter have been applied, for 
horizontal welds only one pass with a 4 mm. 
electrode. 

The welding transformers were placed in the 
open air. A relay on the secondary side of the 
transformer controlled the current output from 
rising above 40 volt. The welders wore leather 
clothing. All combustible materials had to be 
removed from the vicinity of the arc as sparks 
could easily set them on fire. All iron parts were 
perfectly dry, so that work could proceed nor- 
mally. 


RING FASTENINGS 


By PETER F. RossMANN. (From Machine Design, Vol. 13, No. 5, May, 1941, pp. 49-51). 


SNaP rings provide an economical and effective 
means of facilitating machine assemblies in 
applications where the loading is not excessive. 
Since snap rings are relatively simple fastening 
devices, inadequate attention is often paid to 
their design, resulting in either holding failure 
or excessive deformation upon installation or 
removal. 

_ Internal snap rings are usually assembled 
into grooves near the face of the part in which 
they are used. In this case their removal from 


the groove is accomplished readily with pliers by 
merely canting the ring after the hooks have been 
compressed. When the ratio of the pitch 
diameter to the ring cross section is relatively 
large, the gap between the hooks can be great 
enough to permit the ring to be compressed 
sufficiently so that it may be removed without 
canting. This ideal ratio of pitch diameter to 
cross section is not always possible, especially 
if the resulting cross section is insufficient for 
adequate load capacity. That is, if the groove 
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Fig. 1 
is located deep in a hole, and the groove itself has 
so much depth in the radial direction that a ring 
of considerable thickness is required, canting is 
not feasible and the deflection which must be 
imposed either to install or remove it may 
result in a permanent set. In this case careful 
attention must be given to the aforementioned 
ratio and also to the clearance between the 
hooks. 

Shown in Fig. 1 is a snap ring design with a 
large gap between the hooks to permit assembly 
and removal. This design resulted in frequent 
breakage, since, to avoid objectionable set which 
would result in excessive and undesirable loose- 
ness, a critical degree of hardness was attempted 
to accommodate the high stresses imposed. It was 
determined empirically that the outside surfaces 
of the hooks A and B revolved through an approxi- 
mate radius R. The compressed diameter CE 
is insufficient to permit removing the ring through 
diameter D with the hooks compressed to posi- 
tions shown at F within the safe stress range. 
Compressing the ring until the hooks contact at 
point G, which was necessary in order to remove 
the ring, resulted in breakage. 

Maximum bending takes 
place at point H, and there is 
practically no radial deflection 


Fig. 2 

NOTE: 

1. Remove burrs 

2. When ends are closed 
together ring must en- 
ter .750 hole and fit 
groove as shown 

3. Check with gauge 

4. Ring not acceptable 
if repeated stress to 
closure results in per- 
manent set of .830 
min. O.D. 

5. Do not cadmium 
plate 








SEE NOTE 2 
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near the hooks. Therefore, the ring was 
redesigned with the hooks A and B having 
an inward sweep shown in Fig. 2. The 
change in hook design, which did not 
appreciably influence the contact area of 
the ring against the face of the groove, 
shortened the radius R, and permitted 
compression of the ring until the hooks 
contacted at G without objectionable set. 

It was also discovered that cadmium 
plating, even though baking subsequent 
to plating was prescribed for embrittle- 
ment relief, was also conductive to 
breakage. The plating specification was 
removed and immersion in oil prior to 
assembly was substituted. Subsequent tests 
confirmed that this protection against corrosion 
was adequate for rings located in end grooves 
which were not within the valve assembly on 
which this application was made, and therefore 
were not protected by the valve fluid. It should 
be noted that in Figs. 1 and 2 the outside diameter 
of the rings in the free position is slightly more 
than the inside diameter of the groove in order 
to provide for some set. The outside diameter 
tolerance is plus or minus 0.01 after the inspection 
compression of the ring. Both rings were made 
from SAE 1065 steel, the final design being 
heat treated to 40-45 Rockwell C. Stresses in 
snap rings can be readily calculated by using 
charts. 


Design Considerations. 


For internal rings, specify an outside diameter 
that is 1/64 inch larger per inch of diameter than 
the diameter of the groove. For external rings 
specify an inside diameter that is 1/64 inch smaller 
than the diameter of the groove for each 5/16 inch 


REMOVE PROJECTIONS OF MATERIAL 
AT SIDES DOVE TO BENDING OF HOOKS 
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of groove diameter. The ring should have a 
constant radius for not less than 220 degrees 
before giving it an inward sweep as shown in 
Fig. 2. For internal rings the gap between the 
hooks should be such that, when the ring is 
compressed so that the hooks touch, the ring will 
not take an appreciable permanent set. 

It is important that the radius of the corners 
should be as small as possible. External rings 
made of square stock should have a groove 
depth of one-fourth the radial dimension of the 
ring cross section ; those made of round stock, a 
groove depth of one-third the diameter. In- 
ternal rings made of square or rectangular stock 
have a groove depth of approximately one half to 


two-thirds the ring cross section. Those made 
of round stock have a groove depth of about 
one-third the ring cross section. Excessive 
chamfers on the edges of internal grooves should 
be avoided. 

Tolerances : Maximum tolerance for inside 
diameter on external rings and outside diameter 
on internal rings should be plus or minus 0.01 
per inch of diameter. The gap dimension should 
be held to +1/64—0O per inch of diameter. 
Commercial tolerances on wire width and thick- 
ness are plus or minus 2%. Groove width 
may be held to plus or minus 0.005. Tolerance 
for groove diameter should be +0—0.005 per 
inch of diameter. 


CENTRIFUGAL CASTING OF HIGH QUALITY ZINC ALLOY 
FOR BEARINGS 
(From Die Giesserei, Vol. 28, No. 7, April 4th, 1941, pp. 159-60). 


RECENTLY developed manufacturing methods 
make it possible to produce zinc on a commercial 
scale with a degree of purity of 99.99%. This 
is partly the reason of the improvement in the 
qualities of zinc and zinc alloys. High purity 
is especially important in the case of zinc, since 
its properties are greatly influenced by the smallest 
amount of impurities. For bearings and kindred 
purposes zinc alloys contain about 4% Al, 1% 
Cu and small additions of Mg. The alloy is 
either cast in sand moulds or by the centrifugal 
method. The great difference between the two 
casting methods is illustrated in Figs. 1 and 2, 
showing the structure in both cases from which 
the superiority owing to a much finer structure 
in case of centrifugal casting is apparent. 
Centrifugal casting also improves the strength 
characteristics of zinc alloys. These are for 
centrifugal and sand cast forms respectively : 
tensile strength 22 kg/mm? (20 kg/mm?), yield 


point 15 kg/mm? (12 kg/mm?), percentage 
elongation 3°% (2%), and the Brinell hardness 
90 kg/mm? (85 kg/mm*). The same alloy forms 
the basis of these figures. If these figures are 
compared with the corresponding figures of 
copper alloys, such as red bronze 5 (85% Cu, 
5% Sb, 7% Zn, 3% Pb), and brass 14 (86% Cu, 
14% Sb) then it will be seen that the.strength and 
elongation of zinc alloy does not reach that of 
the centrifugal castings of red bronze 5. 

Resistance to wear and tear is a very impor- 
tant characteristic of the alloys, especially for 
those used in bearings. Both types of zinc 
castings possess a resistance to wear and tear 
which lies between the corresponding values of 
sand cast brass 14 and red bronze 5. The co- 
efficient of heat expansion of zinc is somewhat 
higher than that of copper alloys, but is not an 
important factor in practice owing to the greater 
running-in wear of this metal. 





Fig. 2 





stripped water 


In the preparation of tobacco for good quality cigarettes, the centre stem is 
stripped from the leaf in the manner shown above, but if this process is not 
carried out, tobacco including the centre stalk is uneven and contains dust 
which irritates the throat of the smoker. Similarly with the water required 
for feeding into water tube boilers it is necessary to strip from it the soluble 
salts and other impurities in order to secure a non-scaling, non-corrosive 
feed water. The Permutit “Deminrolit” Process produces a perfect 
stripped water from any supply without the use of heat or steam. 
For full particulars write for publication “ Distilled Water without Distillation” To the 


Permutit Company Limited, Dept. T.B ., Permutit House, Gunnersbury Avenue, London, W.4. 
Telephone : Chiswick 6431. 





